Calcium Looping
•Limestone is used as a reversible sorbent
• Cheap and plentiful • Potential to sell on for cement manufacture • Calcium looping centers around the reversible reaction
• CaCO 3(s) ⇄ CaO (s) + CO 2(g) • Calcination step is the forwards step of this reaction
• Endothermic process • Proceeds to completion over a wide range of conditions • Carbonation is the backwards step
• Exothermic process • Characterised by a fast initial rate followed by an abrupt transition to a very slow diffusion controlled reaction rate • It is only the fast initial reaction which is of interest for an industrial process •Definition of carrying capacity:
• Molar uptake of CO 2 per one mole of CaO in sorbent (%) during the fast carbonation period
Using the Calcium Looping Cycle 
Sorbent Degradation
• As the sorbent is repeatedly cycled, its carrying capacity is found to decrease • This is largely attributed to the loss of porosity associated with small pores (< 100 nm)
• Degradation is found to be more severe under more highly sintering calcination conditions -at higher temperatures, higher residence times, higher partial pressures of CO 2 and H 2 O • Degradation can be modelled by an equation proposed by Grasa et al.
• C N is the carrying capacity in the Nth cycle • a ∞ is conversion at N = ∞ • k is a decay constant 
Results from a Typical Experiment
• Limestone added at 0 s whilst T = 840 °C and particles calcine, X out increases and a peak is observed before it returns to the value of X in when calcination reaches completion • After 900 s, setpoint is switched to T = 700 °C and particles carbonate once a suitable temperature is reached, X out decreases and a trough is observedcorresponding to the fast carbonation periodbefore tending towards X in as the slow carbonation stages kicks in • After 900 s, setpoint is switched back to the calcination temperature and the cycle continues • The peaks become smaller as the number of cycles increases corresponding to the degradation of the sorbent • Carrying capacity for each cycle is calculated as the mean of the molar uptake of CO 2 during carbonation and the molar emission from the following calcination divided by number of moles of CaO in the original sample Temperature as function of time: bed temperature (-), temperature setpoint (---). CO 2 concentration as a function of time: outlet CO 2 concentration, X out (-); inlet CO 2 concentration, X in (···)
Reactivation of Sorbents Cycled at Different Calcination Temperatures
• Before hydration, deactivation rate of limestone is found to increase with increasing T calc , as one would expect due to conditions becoming more highly sintering • Limestone cycled with a calcination temperature of 840 °C undergoes the largest reactivation after hydration, with an observed doubling of carrying capacity • As calcination temperature is increased, the reactivation extent is found to decrease • The sample cycled at 1000°C showed no reactivation: after hydration, peaks corresponding to calcination were found to be indecipherable to background noise on the analyser • The efficacy of hydration as a reactivation strategy is found to be closely linked to the friability of the particles after hydration Experimental data for T calc = 840 (▴), 900 (◼), 950 (◆) and 1000 (×) °C, with fits of data to the Grasa Equation for the cycles before hydration of T calc = 840 (-) and 950 (---) °C
